A filamentous actinomycete, designated strain 1SS5-02 T , was isolated from mangrove sediment collected from Ranong province, Thailand. The strain formed aerial and substrate mycelia composed of long, branched hyphae. Aerial mycelia differentiated into non-motile, rod-shaped spores. The organism contained meso-diaminopimelic acid and no diagnostic sugars in wholecell hydrolysates. The predominant menaquinones were MK-11(H 4 ), MK-11(H 6 ) and ). Polar lipids comprised phosphatidylcholine, phosphatidylethanolamine, diphosphatidylglycerol, phosphatidylglycerol, two unidentified phospholipids and four unidentified lipids. The major fatty acids were iso-C 16 : 0 , C 18 : 1 !9c, 10-methyl C 18 : 0 and anteiso-C 17 : 0 . The G+C content of the genomic DNA was 73.5 mol%. Phylogenetic analysis based on 16S rRNA gene sequences indicated that strain 1SS5-02 T belonged to the genus Nocardiopsis. The strain showed the highest degree of 16S rRNA gene sequence similarity with 'Nocardiopsis mangrovei' HA11166 (97.9 %) and Nocardiopsis trehalosi VKM Ac-942 T (97.8 %). However, strain 1SS5-02 T could be distinguished from its nearest phylogenetic relatives in the genus Nocardiopsis on the basis of DNA-DNA relatedness values and the combination of phenotypic properties. On the basis of polyphasic taxonomy, strain 1SS5-02 T is considered to represent a novel species of the genus Nocardiopsis, for which the name Nocardiopsis sediminis sp. nov. is proposed. The type strain is 1SS5-02 T (=BCC 75410 T =NBRC 110934 T ).
The genus Nocardiopsis was first proposed by Meyer (1976) with Nocardiopsis dassonvillei (Brocq-Rousseau 1904) Meyer 1976 as the type species. This genus is the type genus of the family Nocardiopsaceae (Rainey et al. 1996) emend. Zhang et al. 1998 . Its members exhibit well-developed substrate mycelium that fragments into non-motile bacillary and coccoid elements. Aerial hyphae form a zig-zag or twisted ribbon-like morphology that differentiate into spores. The cell wall contains meso-diaminopimelic acid without diagnostic sugars (cell-wall chemotype III/C; Lechevalier & Lechevalier, 1970) . Mycolic acids are absent (Hozzein & Trujillo, 2012) . At the time of writing, this taxon comprises 38 recognized species (LPSN; http://www.bacterio.net/nocardiopsis.html), including the recent descriptions of Nocardiopsis algeriensis (Bouras et al., 2015) , Nocardiopsis ansamitocini , Nocardiopsis oceani and Nocardiopsis nanhaiensis (Pan et al., 2015) . Recently, 'Nocardiopsis mangrovei', which was isolated from mangrove sediment in China (Huang et al., 2015) has been reported. However, the species name 'N. mangrovei ' has not yet been validly published. The natural habitats of strains belonging to the genus Nocardiopsis are distributed ubiquitously in the environment (Kroppenstedt & Evtushenko, 2006) . Members of this genus have frequently been isolated from alkaline or saline soil and marine sediments (Chun et al., 2000; Al-Zarban et al., 2002; Sabry et al., 2004; Fang et al., 2011; Hamedi et al., 2011; Huang et al., 2015; Zhang et al., 2015) . During our investigation of actinomycetes from mangrove in Ranong province, Thailand, strain 1SS5-02 T was isolated from sediment using the dilution-plate method. Polyphasic taxonomy on the isolate including morphological, physiological, chemotaxonomic and phylogenetic characteristics was performed.
Based on the results of the present taxonomic study, strain T is considered to represent a novel species of the genus Nocardiopsis.
Strain 1SS5-02
T was isolated from mangrove sediment of Laem Son National Park, Ranong Province (9 22¢ 14.9 † N 98 24¢ 38.2 † E), Thailand. The sediment sample was diluted and spread on starch casein (SC) agar (Küster & Williams, 1964) , which was prepared using half-strength synthetic seawater (Marinium Reef Sea Salt, Mariscience International), supplemented with nystatin (50 µg ml À1 ) and nalidixic acid (25 µg ml
À1
). Plates were incubated at 28 C for 2 weeks. Strain 1SS5-02
T was purified and maintained on International Streptomyces Project (ISP) medium 2 (ISP2; Shirling & Gottlieb, 1966 ) agar slants at room temperature and as 20 % (v/v) glycerol suspensions at À20 C. Strains 'N. mangrovei' DSM 46665 and Nocardiopsis trehalosi JCM 3357 T were used in this study for comparison purposes.
Cultural and morphological characteristics of strain 1SS5-02 T were observed after incubation for 2 weeks at 28 C on various media, including ISP2-ISP7 agar (Shirling & Gottlieb, 1966 ), Czapek's agar (Waksman, 1967) , glucose yeast extract agar (GYE; Cross et al., 1968) and nutrient agar (Waksman, 1961) . The colour of the substrate mycelium, aerial spore mass and soluble pigments was determined by comparison with the Colour Harmony Manual (Jacobson et al., 1958) . Morphological characteristics of strain 1SS5-02 T were observed under a light microscope (LABOPHOT-2, Nikon) fitted with a long working distance objective lens and a scanning electron microscope (Quanta 450, FEI). Catalase activity was detected by the production of bubbles after adding a few drops of 3 % (v/v) hydrogen peroxide solution onto the cells. Oxidase activity was examined from the oxidation of 1 % tetramethyl-p-phenylenediamine dihydrochloride solution. The effects of different temperatures (4, 10, 15, 20, 25, 28, 32, 35, 37, 40, 42, 45 and 55 C) , pH values (pH 4-12, at intervals of 1.0 pH units) and NaCl concentrations [0-12 % (w/v) , at intervals of 1 %] on growth were tested on ISP2 agar. Carbon source utilization was examined by using ISP9 (Shirling & Gottlieb, 1966) as a basal medium, supplemented with 1 % final concentration of carbon sources. Utilization of nitrogen sources, degradation activity and lysozyme resistance were examined according to the methods of Gordon et al. (1974) and Williams et al. (1983) . The enzyme activities were determined by using the API ZYM test kit (bio-M erieux) according to the manufacturer's instructions.
Cell biomass for chemotaxonomic analyses was obtained after culturing strain 1SS5-02 T in ISP2 broth and incubating at 28 C for 7 days on a rotary shaker. Cells were harvested by centrifugation (5000 g) and washed twice with sterile distilled water before freeze-drying. The isomeric form of diaminopimelic acid and sugar analysis in whole-cell hydrolysates were determined by TLC using the method of Hasegawa et al. (1983) and Staneck & Roberts (1974) . Phospholipids were extracted from freeze-dried cells and examined by two-dimensional TLC as previously described by Minnikin et al. (1984) . Analysis of mycolic acids was performed as described by Minnikin et al. (1980) . The N-acyl type of muramic acid in the cell-wall peptidoglycan was determined using a modified method as described by Uchida et al. (1999) . Fatty acid methyl esters (FAMEs) were analysed using GLC according to the instructions of the Sherlock Microbial Identification System (Microbial ID; MIDI version 6.1) (Sasser, 1990) at the Identification Service, DSMZ, Braunschweig, Germany. The resulting profiles were identified using the database library TSBA6. Menaquinones were extracted and purified by the method of Collins et al. (1977) , and isoprene units were subsequently analysed by LC/MS (JMS-T100LP, JEOL) with a PEGASIL ODS column (2øÂ50 mm) using methanol/2-propanol (7 : 3, v/v). The G+C content (mol%) of the DNA was determined by HPLC according to the method of Tamaoka & Komagata (1984) . DNA-DNA hybridization experiments were determined fluorometrically using the method of Ezaki et al. (1989) .
The genomic DNA of strain 1SS5-02
T was extracted and purified according to the method of Kieser et al. (2000) . The 16S rRNA gene was amplified using primers 1F (5¢-TCACGGAGAGTTTGATCCTG-3¢) and 1530R (5¢-AAG-GAGATCCAGCCGCA-3¢), under the conditions described by Mingma et al. (2014) . The PCR products were purified with a Geneaid Gel/PCR DNA Fragments Extraction kit (Geneaid Biotech). Sequencing of the 16S rRNA gene was performed using the service of Macrogen (Korea) with primers 1F, 1530R, Mg4F (5¢-AATTCCTGGTGTAGCGGT-3¢) and 782R (5¢-ACCAGGGTATCTAATCCTGT-3¢). An almost-complete 16S rRNA gene sequence (1501 nt) was compared with other sequences of type strains present in the EzTaxon-e database (http://eztaxon-e.ezbiocloud.net) using the BLAST program. The resultant 16S rRNA gene sequences were aligned with those of related species in the genus Nocardiopsis using CLUSTAL-X software (Thompson et al., 1997) , and evolutionary distances were calculated by using Kimura's 2-parameter model (Kimura, 1980) . Phylogenetic analyses were conducted using the MEGA version 5.0 software package (Tamura et al., 2011) . Bootstrap analysis was used to evaluate the neighbour-joining (Saitou & Nei, 1987) , maximum-parsimony (Fitch, 1971) and maximumlikelihood (Felsenstein, 1985) phylogenetic trees by performing 1000 replicates.
Morphological characteristics revealed that strain 1SS5-02 T had the typical characteristics of the genus Nocardiopsis. The strain was aerobic and Gram-stain-positive. Substrate mycelium was well developed and fragmented. Aerial mycelium differentiated into non-motile, rod shaped spores with smooth surface (Fig. 1) . Strain 1SS5-02 T exhibited good growth on ISP2 and GYE agar with white aerial mycelium. Moderate growth was observed on ISP3, ISP4, ISP5, ISP6 and ISP7 agar. Poor growth was observed on Czapek's agar and nutrient agar. The colour of substrate mycelium ranged from light yellow to orange-yellow. Light brown soluble pigments were observed on GYE agar. The temperature range for growth of strain 1SS5-02 T was 20-40 C, with optimum growth at 25-28 C. The strain showed growth at NaCl concentrations up to 9 % (w/v), with good growth at concentrations of 0-4 % (w/v). No growth was observed in the presence of 10 % NaCl (w/v). The pH range for growth was between pH 6 and 11, with optimum growth at pH 7-10.
Chemical analysis data also indicated that the novel organism possessed typical chemotaxonomic markers for members of the genus Nocardiopsis (Meyer, 1994) . Strain 1SS5-02 T contained meso-diaminopimelic acid and no diagnostic sugars in whole-cell hydrolysates (wall chemotype III/C sensu Lechevalier & Lechevalier, 1970 (Fig. S1 , available in the online Supplementary Material). Fatty acids found in large amounts were iso-C 16 : 0 (25.6 %), C 18 : 1 !9c (21.5 %), 10-methyl C 18 : 0 (12.0 %) and anteiso-C 17 : 0 (10.1 %). Fatty acids C 18 : 0 (6.6 %), iso-C 16 : 1 G (3.7 %), iso-C 18 : 0 (3.1 %), iso-C 17 : 0 (3.0 %), C 16 : 0 (2.8 %), C 16 : 1 !7c/C 16 : 1 !6c (2.2 %), 10-methyl C 17 : 0 (1.9 %), anteiso-C 15 : 0 (1.8 %), anteiso-C 17 : 1 A (1.3 %), iso-C 17 : 1 !9c (0.9 %), C 17 : 1 !8c (0.9 %), iso-C 15 : 0 (0.8 %), iso-C 14 : 0 (0.6 %), C 17 : 0 (0.4 %), anteiso-C 19 : 0 (0.3 %), C 20 : 0 (0.3 %), iso-C 10 : 0 (0.2 %), iso-C 11 : 0 3-OH (0.2 %) and C 14 : 0 (0.2%) were found in smaller amounts. Strain 1SS5-02 T lacked mycolic acids. The cell wall acyl type was N-acetylated. The G+C content was 73.5 mol%.
Strain 1SS5-02
T could be differentiated from the phylogenetically closest members of the genus Nocardiopsis on the basis of physiological and biochemical characteristics given in Table 1 . In particular, 'N. mangrovei' DSM 46665 and T from its closest phylogenetic neighbours. The predominant menaquinones of strain 1SS5-02 T were MK-11(H 4 , H 6 , H 8 ), whereas MK-10(H 2 , H 4 ) and MK-10(H 4 , H 6 ) were predominant in 'N. mangrovei' and N. trehalosi, respectively. Generally, members of the genus Nocardiopsis show menaquinone profiles containing predominant amounts of MK-10(H 0 ) to MK-10(H 8 ) with minor amounts of the MK-9 and/or MK-11 series menaquinones. However, some members of this genus were reported to contain the MK-11 series as major menaquinones, namely Nocardiopsis gilva YIM 90087
T The almost-complete 16S rRNA gene sequence of strain 1SS5-02 T was determined and used to assign the strain as a member of the genus Nocardiopsis. The sequence similarity with other strains indicated that the most closely related strains were 'N. mangrovei' HA11166 (97.9 % 16S rRNA gene sequence similarity) and N. trehalosi VKM Ac-942 T (97.8 %). It is apparent from the neighbour-joining tree (Fig. 2) that strain 1SS5-02 T forms a distinct cluster with 'N. mangrovei' HA11166 and N. trehalosi VKM Ac-942 T (supported by a bootstrap value of 89 %). In the present study, the DNA-DNA relatedness value between strain 1SS5-02
T and 'N. mangrovei' DSM 46665 was 49.2 % (SD=4.16), whereas the value between strain 1SS5-02 T and N. trehalosi JCM 3357 T was 24.5 % (SD=2.25). These values obtained are below the 70 % cutoff point recommended by Wayne et al. (1987) for assigning strains to the same species and confirm the separation of strain 1SS5-02
T from its closely related phylogenetic neighbours. On the basis of the phylogenetic analysis, phenotypic characteristics and DNA-DNA relatedness data, it is concluded that strain 1SS5-02 T represents a novel species of the genus Nocardiopsis, for which the name Nocardiopsis sediminis sp. nov. is proposed.
Description of Nocardiopsis sediminis sp. nov.
Nocardiopsis sediminis (se.di.mi¢nis. L. gen. n. sediminis of sediment, the source of the type strain). white on ISP2, Czapek's agar and GYE agar. A light-yellow to orange-yellow substrate mycelium is formed on ISP media 2, 3, 4, 6, GYE and Czapek's agar. Good growth occurs on ISP2 and GYE agar. Colonies are convex to irregular. Aerial mycelium is long, straight to zig-zag and fragmented. Spores are rod-shaped (0.4 µmÂ0.7 µm in size), smooth-surfaced and non-motile. Optimum growth occurs at 25-28 C. Good growth in media containing NaCl concentrations of 0-4 % (w/v). No growth in the presence of 10 % NaCl (w/v). Grows at pH 6-11. Hydrolyses casein, gelatin, starch, Tween 80 and urea, but not aesculin or arbutin. Adenine, cellulose, hypoxanthine, L-tyrosine, xanthine and xylan are not degraded. Hydrogen sulfide (H 2 S) is produced. Utilizes adonitol, cellobiose, D-fructose, D-mannose, D-galactose, maltose, D-ribose, D-mannitol, L-arabinose, L-rhamnose, myo-inositol and trehalose as sole carbon sources, but lactose, raffinose, D-sorbitol, dextran, melibiose, xylitol, sodium citrate and sodium propionate are not utilized. Nitrate is not reduced to nitrite. L-Asparagine, L-histidine and potassium nitrate (KNO 3 ) are used as sole nitrogen sources. Alkaline phosphatase, esterase (C4), aglucosidase, leucine arylamidase, a-mannosidase and valine arylamidase activities are positive. Esterase lipase (C8) and b-glucosidase activities are weakly positive. Acid phosphatase, a-chymotrypsin, cystine arylamidase, a-fucosidase, agalactosidase, b-galactosidase, b-glucuronidase, lipase (C14), N-acetyl-b-glucosaminidase, naphthol-AS-BI-phosphohydrolase and trypsin activities are negative. Resistant to 0.005 % lysozyme. Whole-cell hydrolysates contain mesodiaminopimelic acid. No diagnostic sugar is present. Major menaquinones (>10 %) are MK-11(H 6 ), MK-11(H 4 ) and ). Polar lipids comprise phosphatidylcholine, phosphatidylethanolamine, diphosphatidylglycerol, phosphatidylglycerol, two unidentified phospholipids and four unidentified lipids. The major fatty acids are iso-C 16 : 0 , anteiso-C 17 : 0 , 10-methyl C 18 : 0 and C 18:1 !9c. Mycolic acids are absent.
The type strain is 1SS5-02 T (=BCC 75410   T   =NBRC  110934 T ), isolated from mangrove sediment in Ranong province, Thailand. The DNA G+C content of the type strain is 73.5 mol%.
